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(57) Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that 
leakage magnetic field from a magnetic memory largely 
affects storage information of an adjacent magnetic 
memory cell in high density arrangement of a magnetic 
memory for enlarging a storage capacity of an MRAM, 
since magnetization leaks outside a memory in a usual 
magnetic memory which is rectangular in shape and 
whose magnetization direction is '0 % and T of information. 

SOLUTION: A magnetic memory is formed annular and is 
constructed such that magnetic field does not 
substantially leak from a magnetic memory. In order to 
manufacture an annular magnetic memory, a resist 
pattern (102) having a circular hole (106) is formed on 
a substrate (101) and magnetic particles are deposited 
from a direction having a prescribed incidence angle 
(108) from a direction normal to substrate in rotation 
of a substrate. 
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1#. 8^, 3 7 5 8- 3 7 6 3^—^(1 9 9 7^) 
X • ^tU (MR AM : magnetic random access memor 

y) (DmmmtbztiTgfr. 
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5© (a) © r 0 j ottlfi) . TBfrP>±m\zm®t3.*; 
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InSb, InSb-Ni Sb WJ& &K*m© 
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{b©fil#£«ttJi 1 4 2 ©«fls©ftJ*£*«R5Ffr©»& 
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[0030] z. <D$m<DMmz.&nz>m&* : tv \zt$n 
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gl5 2m£f$n< C©7- h*^ 1 5 2 <tiS32-r 
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* NOTICES * 

Japan Patent 0£fice is not responsible for any 
d am ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The resistance of this invention over a radiation etc. is high, and it relates to the 
magnetic memory or the magnetic memory array which has a non-volatile, and the information storage 
device using them. 
[0002] 

[Description of the Prior Art] Various electronic equipment came to be used also in the special kind 
space environment, and the storage which does not have the information recorded even if exposed to the 
radiation etc. for this reason lost has been called for. Then, Journal of Applied The resistance over 
Physics, 81 volumes, No. 8, a radiation that is indicated by 3758 - 3763 pages (1997) was high, it had 
the informational non-volatile, and development of the magnetic and random access memory 
(MRAMimagnetic random access memory) in which structure has an easy magnetic memory cell has 
been furthered. 

[0003] Generally the conventional magnetic memory cell has the magnetic layer of a rectangle or a 
circular configuration, reverses the sense of the magnetization, respectively, and is made to correspond 
to "0" of binary information, and "1." For example, the so-called spin dependence tunneling (SDT:spin 
dependent tunneling) type as shown in drawing 1 which has a rectangular configuration of magnetic 
memory is indicated by the above-mentioned reference. 

[0004] The magnetic memory of an SDT mold For example, the lower magnetic layer 2 to which the 
lower metal electrode 1 and coercive force are high, and the sense of magnetization is being fixed as 
shown in drawing 1 , the barrier layer 3 formed with the very thin insulator film on which a current may 
flow according to a tunnel effect, information "0", It has the laminated structure which consists of the up 
magnetic layer 4 which is possible and has coercive force lower than the lower magnetic layer 2 and the 
up metal electrode 5 of reversing the sense of magnetization corresponding to "1." 

[0005] Since a current 8 flows between the lower metal electrode 1 and the up metal electrode 5 through 
the barrier layer 3, intrinsically, the magnetic memory of the above-mentioned SDT mold has a high 
impedance between the lower metal electrode 1 and the up metal electrode 5, and has high resistance 
(104-109ohm) typically to the area of the square which is 1 micron. This impedance changes with 
whenever [ angular relation / of the sense 6 of magnetization of the lower magnetic layer 2, and the 
sense 7 of magnetization of the up magnetic layer 4 ]. Therefore, if the sense of magnetization of the up 
magnetic layer 4 is reversed corresponding to information "0" and "1", since this impedance will also 
change, the condition of magnetization of the up magnetic layer 4 is detectable by passing a current and 
detecting change of the electrical potential difference 9 between them by the suitable approach between 
the lower magnetic layer 2 and the up magnetic layer 4. Although the potential of 1 OmV order arises 
between the lower metal electrode 1 and the up metal electrode 5 in a low detection current and this 
SDT type of magnetic memory has small power consumption for this reason, the access time is able to 
form the memory of quick high-speed operation. 
[0006] 
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[Problem(s) to be Solved by the Invention] However, as are used also in the magnetic memory of the 
illustrated above-mentioned SDT mold, and the sense of the magnetization which owner Penlla 
frutescens (L.) Britton var. crispa (Thunb.) Decne. generally faces in a rectangular configuration is 
shown in drawing 2 in the conventional magnetic memory made to correspond to "0" of information, 
and "1" a field 1 1 is intrinsically revealed out of the magnetic memory cell 10. If it is high-density and 
two or more magnetic memory cells 10 are arranged in order to enlarge storage capacity of MRAM, the 
effect which it has on the storage information on the magnetic memory cell 10 that each leakage field 1 1 
from each magnetic memory cell 10 adjoins will become large. For this reason, the trouble that the case 
where the content of storage of a magnetic memory cell is confused arises occurs. 
[0007] Therefore, this invention was made in view of the above-mentioned conventional trouble, and 
aims to let the field generated by the magnetic memory cell which adjoins mutually offer a minute 
magnetism memory cell with influencing [ little ] the adjoining magnetic memory cell, and the magnetic 
memory cell array using this memory cell. 
[0008] 

[Means for Solving the Problem] As a result of repeating examination wholeheartedly about a magnetic 
memory array, the artificer of this invention etc. found out that the magnetic memory array which does 
not influence storage information on the magnetic memory which adjoins mutually for each other was 
producible, when the configuration of magnetic memory was made into the shape of a ring and a field 
considered as the structure which is not revealed from magnetic memory intrinsically. That is, in the 
magnetic memory which memorizes information with the sense of magnetization of a magnetic layer, a 
magnetic layer has a ring-like configuration in the field, and a field becomes memorizable [ binary 
information ] in the structure which is not revealed from magnetic memory intrinsically by hitting two 
kinds such as the case where the sense of magnetization of the above-mentioned magnetic layer is a 
clockwise rotation, and the case of being counter clockwise to "0" of information, and "1." 
[0009] Moreover, it is also possible to produce the magnetic memory of the shape of a minute ring so 
that formation of two conditions, the case where a field is revealed, and when not revealing, may dare be 
attained from magnetic memory, and to hit these two conditions to "0" of binary information and "1." 
[0010] Although the lithography method or mask vacuum deposition etc. which is generally used in 
manufacture of a semiconductor integrated circuit etc. can be used for formation of the above ring-like 
magnetism memory, in order to produce the magnetic memory of the shape of a detailed ring below 
submicron one, the resist pattern which has a circular hole is formed on a substrate, and it is effective, 
while rotating a substrate to vapor-deposit a magnetic particle from the sense which has a predetermined 
include angle from a substrate normal. 

[001 1] Moreover, it is possible to form the magnetic memory array which has two or more magnetic 
memory which has a ring-like configuration by forming on a substrate the resist pattern which has two 
or more circular holes, vapor-depositing the particle of a magnetic material from the sense which has a 
predetermined include angle from [ of a substrate ] a normal, while rotating a substrate, and removing 
the above-mentioned resist pattern. 

[0012] . . t . 

[Embodiment of the Invention] The gestalt of the 1 operation concerning this invention is explained with 
reference to a drawing below. The same element is expressed by the same reference number in the 
detailed explanation about the gestalt of the following operations, and the publication of a drawing. 
[0013] Drawing 3 is process drawing showing typically the gestalt of the 1 operation about the 
manufacture approach of the ring-like magnetism memory concerning this invention, and shows a part 
of cross section of magnetic memory. As shown in process drawing 3 (a), on a substrate 101, it has the 
circular hole 106 with a diameter of 500nm, for example, the resist pattern 102 with a thickness of 
500nm is formed. 

[0014] Next, as shown in drawing 3 (b), incidence of the particle (not shown) which consists of a 
magnetic material is carried out from across. The direction 103 of incidence of a particle has 108 (theta) 
whenever [ predetermined incident angle ] to the direction of the normal 107 of a substrate 101. If width 
of face of T and a ring 105 is set [ the diameter of a hole 106 ] to a (refer to drawing 5 ) for the thickness 
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* of D and a resist pattern 102 as shown in drawing 4 , theta will become settled on a design whenever 
[ predetermined incident angle ] with tantheta=(D-a)/T and the relation it is unrelated a<D/2. The 
particle which consists of a magnetic atom which carries out incidence by theta whenever [ angle-of- 
incidence ] can reach the front face 109 of a resist pattern 102, and some holes 106 so that clearly from 
drawing 3 (b). . 

[0015] In such arrangement, in the condition that the particle which consists of a magnetic material 
maintains theta whenever [ predetermined incident angle ], it is in a substrate side, for example, a 
substrate 101 is rotated per minute 60 times. Since the particle which consists of a magnetic material 
reaches the up front face 109 of a resist pattern 102, the edge 1 10 of a hole 106, and some substrates 101 
112 that met the hole 106, as shown in drawing 3 (c) as the whole, the magnetic-substance thin film 1 1 1 
is formed with a revolution of a substrate 101 in a configuration which covers a part of front face of a 
resist pattern 102 and a substrate. In addition, arrangement of drawing 3 (c) shows the condition when 
180 degrees of substrates 101 rotate from the condition shown in drawing 3 (b). 

[0016] next - for example, the thing for which a resist pattern 102 is melted using a resist solvent like 
an acetone - drawing 3 (d) - a cross section - and - for example, the ring-like dot 105 as shows the top 
view to drawing 5 can be obtained. 

[0017] In the gestalt of this operation, the nickel-20at%Fe alloy was used as a magnetic film ingredient. 
However, even if it uses other natural magnetic materials, the required ring-like dot 105 can be formed. 
It was chosen, for example, an alloy or an amorphous alloy etc. which uses simple substances, such as 
Fe, nickel, and Co, or Fe, nickel and Co as a principal component can be used so that the coercive force 
needed on a design may be satisfied as a magnetic material. Fe-Co, Fe-nickel-Co, Co-Fe-B, Co-Fe-Pt, 
etc. can more specifically be used about the above-mentioned alloy. Moreover, if it aims at applications 
other than magnetic memory, various ring-like dots can be formed using all kinds of particle beam. 
[0018] In the gestalt of this operation, the ion beam sputtering method was used as a means to generate a 
particle. In this case, acceleration voltage of an ion gun can be set to 600V, and the ion current can be set 
to 60mA. If it considers as a means to generate a particle, it cannot be overemphasized that various 
approaches, such as a known approach, for example, a vacuum deposition method, and the sputtering 
method, can be used. This invention is not restricted by the generating means of a magnetic particle. 
[0019] Moreover, in the gestalt of the above-mentioned implementation, although the diameter of the 
circular hole 106 of a resist pattern 102 was set to 500nm, the diameter of a hole is not limited to 500nm 
and can be chosen suitably if needed on a design. Moreover, although the resist pattern 102 with a 
thickness of 500nm was used, it cannot be overemphasized that the thickness of a resist pattern 102 can 
also be chosen suitably if needed on a design. 

[0020] The thickness was 20nm when the thickness of the ring-like dot 105 produced by the above- 
mentioned approach was observed with the atomic force microscope. Moreover, the outer diameter of 
the ring-like dot 105 was about 500nm almost equal to the bore of the hole 106 of a resist pattern 102. 
Moreover, the width of face of the annular part of the ring-like dot 105 was about 150nm, and the bore 
of an annular part was about 200nm. 

[0021] When producing a general very small ring-like dot, if the limitation of lithography sets to lOOnm, 
at the usual lithography process, it can produce only to a ring-like dot with a bore of lOOnm. However, if 
a ring-like dot is produced according to the process of this invention, an outer diameter can produce to 
the ring-like dot which is lOOnm. Therefore, if a ring-like dot is produced according to the process of 
this invention, magnitude of a ring-like dot can be made small by leaps and bounds. In order to enlarge 
storage capacity of magnetic memory, it is necessary to make a ring-like dot small as much as possible. 
Therefore, the process in this invention can increase the storage capacity of magnetic memory by leaps 
and bounds. 

[0022] When the sense of magnetization of the ring-like dot 105 formed as mentioned above was 
investigated using the magnetic force microscope etc., as shown in drawing 5 , it turned out that two 
kinds, a clockwise rotation (a) and a counterclockwise rotation (b), exist in the sense 121 of 
magnetization of the ring-like dot 105. If "0" of binary information and "1" are assigned as the sense of 
two kinds of this magnetization is controlled, for example, it is shown in drawing 5 , this ring-like dot 
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1 05 can be used as magnetic memory. 

[0023] Although there are various approaches among a clockwise rotation or the approaches ot 
switching counter clockwise in informational writing, i.e., the sense of magnetization, the writing to the 
ring-like dot 105 is possible by the field (not shown) of the shape of a concentric circle produced 
according to the currents 123 and 124 which arrange the lead wire 122 which pierces through the core of 
the ring-like dot 105 vertically, and flow to this lead wire so that the cross section passing through the 
core of the ring-like dot 105 of drawing 6 may show typically for example. It is possible by passing the 
current 123 of the suitable magnitude for the lower part from the upper part to reverse the sense of a 
field counter clockwise by changing the sense of a field clockwise ("0" conditions of (a) of drawing 5 ), 
and passing the current 124 of the suitable magnitude for the upper part from the lower part (condition 
[ of drawing 5 1 of (b) of'T'). . 
[0024] Moreover, by using a magnetic material with comparatively high coercive force as an ingredient 
of a ring-like dot showed that two kinds, the condition 131 which the sense of magnetization of the ring- 
like dot 105 has closed in accordance with a ring configuration, and the condition 132 of having not 
closed as shown in drawing 7 (b), existed, as shown in drawing 7 (a). Co can be used as a high magnetic 
material of coercive force. It turned out that the ring-like dot 105 can be used for two kinds of such 
conditions as magnetic memory by assigning "0" of binary information, and "1" as shown in drawing 7 . 
[0025] In this case, if the ring-like dot 105 is adjoined and the magneto-resistive effect component 133 
is arranged as shown in drawing 8 , like drawing 8 (a), when the sense of magnetization has closed and 
magnetization is not revealed from the ring-like dot 105, the sense of magnetization does not close like 
121 and drawing 8 (b), but when magnetization is revealed from the ring-like dot 105, 122 can be 
identified easily. If it considers as the magneto-resistive effect component 133, the magneto-resistive 
effect component using nickel-Co of InSb of the semiconductor material usually used or an InSb-NiSb 
thin film, and a metallic material or a nickel-Fe thin film can be used. Therefore, as shown in drawing 8 , 
it is effective to adjoin the ring-like dot 105 and to form the magneto-resistive effect component 133 as 
an approach of reading the information memorized by the magnetic memory which consists of the ring- 
like dot 105. 

[0026] In addition, as shown in drawing 7 (a) and drawing 8 (a), in order for magnetization to change 
into the condition of having not revealed from the ring-like dot 105, the lead wire 122 which pierces 
through the core of the ring-like dot 105 vertically as shown in drawing 6 is convertible with the flowing 
current. Moreover, if an example is given, conversion in the condition that magnetization is revealed 
from the ring-like dot 105 as shown in drawing 7 (b) and drawing 8 (b) can keep predetermined spacing 
to the film surface of the ring-like dot 105, for example near the ring-like dot 105, and the lead wire 
arranged (or vertically) can perform it to parallel. That is, when a said alignment-like field is generated 
by the current which flows this lead wire and a part of this field crosses the inside of the film of the ring- 
like dot 105 with the predetermined sense to these film and parallel, it is possible to change 
magnetization of the ring-like dot 105 into the above-mentioned predetermined sense as a whole. 
[0027] As shown in drawing 5 , when magnetization is not revealed from a ring-like dot, the gestalt of 1 
operation of the method of detecting the sense of magnetization and its structure is explained below. As 
shown in drawing 9 , the approach of using the structure which forms the ring-like magnetic layer 142 
through a non-magnetic layer 141 on the ring-like dot 105 is one of the effective approaches for 
detecting the sense of magnetization of the ring-like dot 105. This three-tiered structure can be formed in 
the production process of a ring as shown in drawing 3 by making the ring-like dot magnetic layer 105, 
a non-magnetic layer 141, and a magnetic layer 142 adhere one by one. 

[0028] In this case, it is made for the sense of magnetization of a magnetic layer 142 to always become 
fixed rather than the ring-like dot 105, using the large ingredient of coercive force as a magnetic material 
of a magnetic layer 142. If the sense of magnetization of the ring-like dot 105 changes with a clockwise 
rotation or a counterclockwise rotation, the sense of magnetization of the ring-like dot 105 and the sense 
of magnetization of a magnetic layer 142 will change between anti-parallel in parallel. 
[0029] Since conduction electron can move between the ring-like dot 105 and a magnetic layer 142, 
without changing a spin state when the sense of magnetization of the ring-like dot 105 and the sense of 
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magnetization of a magnetic layer 142 are parallel, the electric resistance about the current which flows 
between the ring-like dot 105 and magnetic layers 142 is low. On the other hand, when the sense of 
magnetization of the ring-like dot 105 and the sense of magnetization of a magnetic layer 142 are anti- 
parallel, conduction electron must change a spin state and must move between the ring-like dot 105 and 
magnetic layers 142, but since the sense of spin is unchangeable in practice, the electric resistance about 
the current which flows from the ring-like dot 105 to a magnetic layer 142 is high. Therefore, by 
measuring the electric resistance between the ring-like dot 105 and a magnetic layer 142, the sense of 
magnetization of the ring-like dot 105 can become clear, and can read the memorized information. 
[0030] As a non-magnetic layer 141 in the magnetic memory in the gestalt of this operation, nitride 
insulator thin films, such as oxide insulator thin films, such as an aluminum oxide of the order whose 
thickness is 10A, for example, and silicon oxide, or silicon nitride, can be used. Or thickness is able to 
use metal thin films 60 A or less, such as Cu, Ag, and Au, as this non-magnetic layer 141. For example, 
when an insulator thin film is used, and a metal thin film is used according to a spin tunneling device, a 
spin dispersion device detects the sense of magnetization of the ring-like dot 105 using the up-and-down 
magnetic layer 142 and the magnetic reluctance between 105 changing. In addition, although the 
structure which carried out sequential formation of a non-magnetic layer 141 and the magnetic layer 142 
was used on the ring-like dot 105 with the gestalt of operation shown in drawing 9 , even if it forms each 
class by the sequence of reverse, the effectiveness of detecting the sense of magnetization is equivalent. 
[0031] The magnetic memory array which used this invention for drawing 10 is shown. A magnetic 
memory array can be obtained by making the magnetic memory which consists of a ring-like dot of this 
invention arrange for example, in the shape of a matrix. Drawing 10 shows an example of MRAM156 
which arranged the magnetic memory cell 151 which has the detection device of a three-tiered structure 
shown in drawing 9 in the shape of a matrix, and formed it. In addition, a magnetic memory cell is not 
limited to the thing of a three-tiered structure as shown in the gestalt of this operation. 
[0032] In drawing 10 , the publication of the write-in part to a write-in circuit and a magnetic memory 
cell is omitted. Two or more arrangement of the word line 152 is carried out, and two or more 
arrangement of the bit line 153 which intersects perpendicularly with this word line 152 is carried out. 
The word line 152 and the bit line 153 cross in the shape of a grid, without carrying out direct 
continuation mutually. The magnetic memory cell 151 which corresponds in each of this grid-like part, 
respectively connects a word line 152 and a bit line 153, respectively. Thus, by constituting, the group of 
the predetermined word line 152 and the predetermined bit line 153 can detect the resistance of a 
magnetic memory cell 151 different, respectively, and it becomes possible to read the information on 
"the sense of magnetization of the ring-like dot 105, "0", and 1". [ i.e., ] 

[0033] Although it is an example of MRAM which arranged the magnetic memory cell 151 which has 
the detection device of a three-tiered structure which also shows drawing 1 1 in drawing 9 in the shape of 
a matrix, each magnetic memory cell 151 of drawing 11 is connected with the control transistor 154 
which corresponds, respectively at a serial, and another side has the configuration grounded. The 
publication of a write-in circuit and a write-in part is omitted. Two or more arrangement of the word line 
152 is carried out, and two or more arrangement of the bit line 153 which intersects perpendicularly with 
a word line 152 is carried out. The word line 152 and the bit line 153 cross in the shape of a grid, 
without carrying out direct continuation mutually. The gate of the transistor 1 54 of each train is 
connected to a word line 152, respectively, and each transistor 154 is connected to the corresponding bit 
line 153. Each bit line 153 is connected to the pass transistor 155. It becomes possible to read "0" of the 
magnetic memory cell 151 which corresponds by choosing a word line 152 and the pass transistor 155 
suitably, or the information on "1." 

[0034] As mentioned above, although it illustrated and the gestalt of some operations of this invention 
was explained again, the gestalt of operation of this invention indicated here is a mere example, and it is 
clear for various deformation to be possible, without deviating from the technical range of this 
invention. 
[0035] 

[Effect of the Invention] In the magnetic memory array MRAM156, it is important to make a ring-like 
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dot arrange by high density. By making the configuration of magnetic memory into the shape of a ring, 
the magnetic memory array which does not influence the storage information on the adjoining magnetic 
memory is producible. 

[0036] Moreover, in this magnetic memory, the field enabled informational storage also in the structure 
which is not revealed from magnetic memory intrinsically by hitting two kinds, the case where the sense 
of magnetization is a clockwise rotation, and when counter clockwise, to "0" of information, and "1." 
Moreover, it comes out to produce very small magnetic memory by vapor-depositing a magnetic particle 
from the sense which forms on a substrate the resist pattern which has a circular hole, and has an include 
angle from a substrate normal while rotating a substrate. 

[0037] And since magnitude of a ring-like dot can be made very small, it becomes possible to increase 
the storage capacity of magnetic memory by leaps and bounds. 



[Translation done.] 
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CLAIMS ^ ■ 

[Claim(s)] 

[Claim 1] In the magnetic memory which memorizes information with the sense of magnetization ot a 
magnetic layer, the 1st magnetic layer has a ring-like configuration in the film surface. Magnetic 
memory characterized by forming magnetization of said 1st magnetic layer in accordance with the 
configuration of the shape of said ring, and making the case where the sense of magnetization is a 
clockwise rotation, and the case of being counter clockwise correspond to "0 M of binary information, "l n 
or"!", and"0." 

[Claim 2] Magnetic memory characterized by making the case where it has not closed with the case 
where the 1st magnetic layer had the ring-like configuration in the film surface, and magnetization of 
said 1st magnetic layer has closed in accordance with said ring configuration in the magnetic memory 
which memorizes information with the sense of magnetization of a magnetic layer correspond to "0" of 
binary information, "1" or "1", and "0." 

[Claim 3] Magnetic memory characterized by adjoining said 1st magnetic layer and arranging the field 
sensor in magnetic memory according to claim 2. 

[Claim 4] Magnetic memory characterized by carrying out the laminating of the 2nd magnetic layer 
through a non-magnetic layer on said 1st magnetic layer or to the bottom in magnetic memory according 
to claim 1 or 2. 

[Claim 5] The magnetic memory array characterized by arranging the magnetic memory of a publication 
regularly at two or more claims 1-4. 

[Claim 6] The manufacture approach of magnetic memory given in claims 1-4 characterized by forming 
said 1st magnetic layer which has a ring-like configuration by forming on a substrate the resist pattern 
which has a circular hole, vapor-depositing the particle of a magnetic material from the sense which has 
a predetermined include angle from [ of said substrate ] a normal while rotating said substrate, and 
removing said resist pattern. 

[Claim 7] The manufacture approach of the magnetic memory array according to claim 5 characterized 
by forming two or more magnetic memory which has a ring-like configuration by forming on a substrate 
the resist pattern which has two or more circular holes, vapor-depositing the particle of a magnetic 
material from the sense which has a predetermined include angle from [ of said substrate ] a normal 
while rotating said substrate, and removing said resist pattern. 
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DRAWINGS 



[Drawing 11 




[Drawing 3] 
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